Objective: The aim of this study was to determine the clinical meaningfulness of TX-001HR in reducing moderate to severe vasomotor symptoms (VMS) in menopausal women with a uterus.
V asomotor symptoms (VMS) in menopausal women are effectively treated with hormone therapy (HT) reducing hot flush frequency and severity. Although statistically significant reductions are reported with various doses and regimens of HT, the clinical relevance to women is typically not determined. Reductions in VMS frequency of 50% to 86% from baseline, or 5.5 to 9.0 hot flushes per day, have been reported in some randomized controlled trials [1] [2] [3] ; however, the relevance of these findings is often unknown. 1, [4] [5] [6] The REPLENISH trial, evaluated TX-001HR
(TherapeuticsMD, Boca Raton, FL), a once-daily, oral capsule containing 17b-estradiol (E2) and progesterone (P4) for the treatment of moderate to severe VMS in menopausal women with an intact uterus. 7 In this study, women took one of four doses of TX-001HR (E2/P4 [mg/mg] 1/100, 0.5/ 100, 0.5/50, 0.25/50) or placebo for up to 52 weeks. All doses of TX-001HR, compared with placebo, showed statistically significant reductions in hot flush frequency from baseline to weeks 4 and 12, except for the 0.5 mg E2/50 mg P4 dose at week 4. 7 The two highest doses of TX-001HR also had statistically significant improvements in hot flush severity at weeks 4 and 12, as did the 0.5 mg E2/50 mg P4 at week 12. 7 The objectives of this analysis were to determine what reduction in VMS frequency was meaningful to women, using data from the REPLENISH trial, and to determine the clinical importance (meaningfulness) of TX-001HR versus placebo effects when treating moderate to severe VMS in menopausal women.
METHODS

Study design
REPLENISH (NCT01942668) was a phase 3, randomized, double-blind, placebo-controlled, multicenter trial that evaluated TX-001HR in menopausal women (age 40-65 y; body mass index 34 kg/m 2 ) with an intact uterus. Study details have been published elsewhere. 7 Briefly, women with moderate to severe hot flushes (!7/d or !50/wk) were included in a VMS substudy and were randomized 1:1:1:1:1 to daily E2/ P4 (mg/mg) of 1/100, 0.5/100, 0.5/50, 0.25/50, or placebo. Women who did not qualify for the VMS substudy were randomized 1:1:1:1 to active E2/P4 doses as part of the primary safety endpoint analysis of endometrial hyperplasia (reported elsewhere). 7 All women took two capsules to maintain blinding as different doses were two different sizes.
The safety population included all women who took at least one capsule of the study drug. Women were included in the modified intent-to-treat (MITT)-VMS population (primary efficacy population) if they were randomized to the VMS substudy, took at least one dose (two capsules) of study medication, had !5 days of VMS diary data at baseline, and had !4 days of VMS diary data for one on-treatment week. All efficacy analyses were performed using this MITT-VMS population.
Four coprimary efficacy endpoints of the study included mean changes in frequency and severity of moderate to severe VMS from baseline to weeks 4 and 12 with active treatment versus placebo in the MITT-VMS population. Secondary endpoints included changes from baseline in the Clinical Global Impression (CGI) scale and the Menopause-Specific Quality of Life (MENQOL) questionnaire. Participants completed a daily VMS diary and recorded the number and severity of hot flushes up to week 12. Weekly hot flush frequency was the total number of moderate and severe hot flushes in the previous 7 days. Severity of hot flushes was rated as mild, moderate, or severe.
Evaluation of clinical meaningfulness
The clinical meaningfulness of treatment was assessed using two separate patient-reported outcome (PRO) measures: the CGI scale and the MENQOL questionnaire. In this study, CGI and MENQOL were used as anchor measures to determine clinically important differences (CIDs) and minimal clinically important differences (MCIDs) in VMS frequency. Evaluating TX-001HR with two PRO tools was intended to assess the consistency of the TX-001HR effect. Analyses were performed in the MITT-VMS population.
Clinical global impression
Participants in the VMS substudy completed CGI at weeks 4, 8, and 12, by answering the following question: ''Rate the total improvement, whether or not in your judgment it is due entirely to drug treatment. Compared to your condition at admission to the study, how much has it changed?'' Potential responses were rated using a 7-point Likert scale and included ''very much improved,'' ''much improved,'' ''minimally improved,'' ''no change,'' ''minimally worse,'' ''much worse,'' or ''very much worse.'' Each E2/P4 dose was compared with placebo at weeks 4 and 12.
To evaluate clinical meaningfulness, participants with CGI ratings of much improved or very much improved were categorized as having a ''clinically meaningful'' response, whereas those with a rating of minimally improved were categorized as having a ''minimally improved'' response, and those with ratings of no change to very much worse were categorized as having ''no change or worse response.'' Nonparametric discriminant analyses utilizing bootstrapping methods were used to determine a clinically meaningful threshold (ie, CID) for a decrease in moderate to severe VMS at weeks 4 and 12, regardless of treatment. 8, 9 Thresholds for an MCID were also determined. Proportions of women who had a clinically important response who took TX-001HR were compared with those taking placebo using the Fisher's exact test.
Menopause-Specific Quality of Life questionnaire
Participants in the VMS substudy self-administered the MENQOL questionnaire at baseline, week 12, and months 6 and 12. The MENQOL questionnaire, a validated research tool, assessed menopause-specific quality of life changes in study participants with 29 questions on symptoms distributed across 4 domains: vasomotor, psychosocial, physical, and sexual. 10 The vasomotor domain consisted of three questions: How much have you been bothered by (1) hot flushes or flashes, (2) night sweats, and (3) sweating. Changes in quality of life were evaluated over the previous 1-month period. If women experienced symptoms, the symptoms were rated using a 7-item Likert scale ranging from ''not at all bothered'' (score of 0) to ''extremely bothered'' (score of 6). Scores were converted to an analysis score with a range of 1 (no symptoms) to 8 (extremely bothered). Changes from baseline in the MENQOL vasomotor domain scores were analyzed using analysis of covariance at week 12.
Changes in the MENQOL vasomotor domain were also used to calculate clinically meaningful responses. CID was defined as a participant with a change of À2.0 (improvement by 2 categories) from baseline to week 12, whereas those with a change of À1.0 were categorized as having an MCID. Those with ratings of 0 to þ3 were categorized has having no change or a worse response. Clinical threshold levels were calculated by averaging the VMS reduction of women with an improvement score of 1 category (MCID) or 2 categories (CID), regardless of treatment. Proportions of women who had a clinically important response who took TX-001HR were compared with those taking placebo using the Fisher's exact test.
RESULTS
Disposition and demographics
A total of 1,835 women were randomized to the endometrial and general safety study and took at least one capsule of study drug. Of these, 766 were enrolled in the VMS substudy and 726 were eligible for the MITT-VMS population. Eightynine percent of the women completed the 12-week VMS efficacy substudy. Overall discontinuation rates from the study at 12 months were 28.3% with TX-001HR and 31.1% with placebo. Discontinuations due to lack of efficacy occurred in 1.2% of the women treated with TX-001HR and in 8.9% of the women treated with placebo.
Women in the MITT-VMS population had a mean age of 55 years (40-65) and a mean body mass index of 27 kg/m 2 at study entry (Table 1) . Approximately two thirds of the women were White (67%) and one third were African American (31%). At baseline, the frequency of moderate to severe VMS ranged from 72.1 to 77.0 per week or 10.3 to 11.0 per day. Statistical comparisons between groups for baseline demographics were not performed.
Clinical global impression Response
On the CGI, significantly more women responded that they felt their symptoms had at least ''much improved'' with TX-001HR compared with placebo at week 4 (50%-63% vs 33%; all, P < 0.01), as well as at week 12 (73%-82% vs 53%; all, P < 0.01; Fig. 1 ). Anchor-based minimal clinically important difference and clinically important difference calculations Calculated clinical meaningfulness thresholds for week 4 were weekly reductions in moderate to severe VMS frequency of !15 for MCID and !36 for CID ( Fig. 2A) . Based on these thresholds, significantly more clinical responders were found with all four doses of TX-001HR than with placebo at week 4 for MCID (75%-85% vs 64%; all, P < 0.05) and for CID (46%-59% vs 33%; all, P < 0.05; Fig. 2B ). Similar results were observed at week 12. Calculated clinical meaningfulness thresholds at week 12 were weekly reductions in moderate to severe VMS frequency of !25 for MCID and !39 for CID (Fig. 2C) . Significantly more clinical responders were found with all four doses of TX-001HR than with placebo at week 12 for MCID (82%-88% vs 69%; all, P < 0.05) and for CID (68%-73% vs 52%; all, P < 0.05; Fig. 2D ).
Menopause-Specific Quality of Life questionnaire Response
Participants treated with TX-001HR compared with placebo had significantly greater improvements in the MENQOL vasomotor domain score from baseline to week 12 (À3.2 to À3.8 vs À2.2 points; all, P < 0.001; Fig. 3 ). Vasomotor domain scores ranged from 6.9 to 7.2 at baseline and improved to 3.3 to 3.9 with TX-001HR and 5.0 with placebo at week 12.
Anchor-based minimal clinically important difference and clinically important difference calculations
Women with MCID, a change of one category on the MENQOL vasomotor domain, had a weekly reduction in VMS frequency of !34, whereas those with CID (change of 2 categories) had a weekly reduction in VMS frequency of !44 (Fig. 4A) . Based on these clinical response thresholds 
CLINICALLY MEANINGFUL EFFECT OF TX-001HR
significantly more TX-001HR users (61%-69%) had CIDs at week 12 than placebo users (42%; all, P < 0.01; Fig. 4B) . Similarly, significantly more women at week 12 had MCID with TX-001HR doses (74%-81%) than with placebo (55%; all, P < 0.01).
DISCUSSION
In the REPLENISH trial, TX-001HR was associated with clinically meaningful improvements in moderate to severe VMS frequency in menopausal women. These clinically important changes were observed with two separate PROs: CGI and the MENQOL vasomotor domain. Both PROs consistently showed that a significantly larger proportion of women who took TX-001HR had clinically meaningful symptom improvements compared with those who took placebo.
Statistically significant reductions in the frequency and severity of moderate to severe hot flushes between active treatment and placebo are required for demonstrating efficacy of potential treatments for moderate to severe VMS in menopausal women. These co-primary endpoints were met with most TX-001HR doses versus placebo. 7 It is also, however, important to determine whether statistically significant differences in hot flush frequency and severity between active treatment and placebo are clinically meaningful. In our study, we determined clinically important changes in VMS frequency by evaluating the proportion of women who have CID or MCID with treatment versus placebo. We determined that women who had clinically meaningful responses or CIDs had weekly reductions in VMS frequency at 12 weeks of !39 hot flushes (by CGI), or !44 hot flushes (by the MENQOL vasomotor domain), whereas MCIDs were associated with weekly reductions in VMS frequency of !25 hot flushes (CGI-based), or !34 hot flushes (MENQOL-based).
The CGI anchor-based method was empirically used in a study evaluating the effects of estradiol/drospirenone and estradiol monotherapy for the treatment of moderate to severe VMS in menopausal women with !50 moderate to severe hot flushes per week. 8 In that study, the MCID thresholds were defined as being a weekly reduction of at least 19.1 hot flushes at week 4 and 40.3 hot flushes at week 12. 8 The CGI thresholds in our study were higher or comparable, also distinguishing the effect of TX-001HR from placebo for symptom improvement. Clinically meaningful effects on moderate to severe VMS were also reported with desvenlafaxine using a different outcome.
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PROs are commonly used as primary or secondary endpoints to evaluate the efficacy of treatments. FDA guidance on the use of PROs for new treatments is to compare the proportion of clinically meaningful responders by treatment group. 11 Guyatt et al 12, 13 defined an MCID as the smallest change in PRO endpoint scores that are considered beneficial and important to patients and their clinicians. The MCID represents the smallest improvement that patients (and their clinicians) perceive as beneficial and important, CID therefore offers a threshold above which the treatment outcome is experienced as relevant by the patient. This is the first study to use two PROs to test the effect of treatment and assess clinical meaningfulness. The results demonstrated the consistency of TX-001HR treatment, showing that 68% to 73% and 61% to 69% of women who took TX-001HR for 12 weeks had clinically meaningful improvements defined by thresholds of the CGI (52% with placebo) and MENQOL vasomotor domain (42% with placebo), respectively.
After the publication of the Women's Health Initiative findings in 2002, 14 many women discontinued FDA-approved HT, 15 with many starting to use non-FDAÀapproved compounded hormone therapy (CHT). Recent annual estimates of CHT use have shown that 1 to 2.5 million women filled 21 to 39 million prescriptions in the United States. 16, 17 CHT products have, however, not been rigorously tested for efficacy and safety. 18 Although many women prefer taking ''natural'' products and believe they are safer options than FDAapproved HT products, [19] [20] [21] [22] they may be unaware of risks associated with CHT, including insufficient endometrial protection resulting in endometrial cancer or hyperplasia. [23] [24] [25] The PRO data reported here, which show that women taking TX-001HR have clinically meaningful responses to treatment, might help women and healthcare providers better understand the benefits of FDA-approved products. If approved, the formulation of TX-001HR combining E2/P4, which has been rigorously evaluated in the randomized, placebo-controlled REPLENISH trial, may become a new option for women taking poorly regulated CHT.
Some of the limitations of the study include a short duration of treatment, studying women that are healthier than the general population and evaluating only women residing in the United States. Strengths of the study include that it was a well-designed, double-blind, randomized controlled trial planned with the guidance of the FDA. The study design, health of the population, and discontinuation rates are similar to other studies that have evaluated menopausal drugs. CONCLUSIONS TX-001HR significantly reduced the frequency and/or severity of VMS in the REPLENISH study. Significantly more women had a clinically meaningful improvement in the number of hot flushes with TX-001HR versus placebo using two PROs, the CGI, and the MENQOL vasomotor domain. The results of this analysis extend the primary efficacy results of the REPLENISH trial, which showed significant improvements in the frequency and severity of moderate to severe VMS with TX-001HR compared with placebo at weeks 4 and 12.
7 TX-001HR, if approved, may provide a new option for treating VMS in menopausal women with an intact uterus using E2 and P4, similar to the hormones naturally occurring in women, in a single, oral capsule.
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